We investigated whether an individual's risk of developing lone atrial fibrillation (AF) before age 60 years is associated with lone AF in relatives.
Background
Genetic factors may play a role in the development of lone AF.
Methods
Using Danish national registers, a cohort was established of ϳ4 million persons born between 1950 and 2008, and those with a family history of lone AF (AF without preceding cardiovascular/endocrine diagnoses) were identified. Individuals were followed up until the first diagnosis of lone AF. Poisson regression was used to estimate incidence rate ratios (IRRs).
Results
In ϳ92 million person-years of follow-up, 9,507 persons were identified as having lone AF. The IRRs for lone AF given an affected first-or second-degree relative were 3.48 (95% confidence interval [CI]: 3.08 to 3.93) and 1.64 (95% CI: 1.04 to 2.59), respectively. IRRs were higher for men than for women but were not associated with the affected relative's sex. IRR for lone AF was 6.24 (95% CI: 2.59 to 15.0), given at least 2 first-degree relatives affected with lone AF. The IRR for lone AF in persons aged Ͻ40 years given a first-degree relative affected at age Ͻ40 years was 5.42 (95% CI: 3.80 to 7.72), and 8.53 (95% CI: 3.82 to 19.0) in persons aged Ͻ30 years given a first-degree relative affected at age Ͻ30 years.
Conclusions
A family history of lone AF is associated with substantial risk of lone AF, with the strongest risks associated with young age at onset, multiple affected relatives, and in first-degree relatives. These results suggest routine evaluation of the families of at least certain types of patients with lone AF. The lack of known predisposing conditions and the earlier age at onset of lone atrial fibrillation (AF) is suggestive of a genetic etiology. Mutations and polymorphisms in genes coding for ion channels involved in cardiac repolarization and for connexins in the atria have been associated with the development of lone AF and have also been observed in familial cases of lone AF (1) .
Epidemiologic studies show that AF in general clusters in families (2, 3) , but the familial aggregation specifically of lone AF has only been assessed in smaller case-control or prevalence studies (4, 5) , or by using young age at AF with preceding/associated cardiovascular or systemic disease as a proxy for lone AF (2,3). To our knowledge, familial aggregation of lone AF, defined as AF without predisposing cardiovascular or systemic diseases, has never been examined in a large population. This topic warrants attention, because family history of lone AF, in the absence of traditional risk factors for AF, could be an important risk factor for lone AF. In this nationwide, population-based study, we investigated whether an individual's risk of developing lone AF before 60 years of age was associated with lone AF in relatives.
Methods
The unique personal identification number used in all of Denmark's nationwide population-based registers, including the Civil Registration System (CRS), permits accurate linkage of individual-level information across registers. The study cohort included all residents who were born in Denmark on January 1, 1950, or later and were still alive when the NPR was established or were born in Denmark on January 1, 1977, or later and had at least 1 identifiable relative in the DFRD.
In a 2-step algorithm, we first identified all first admissions for AF/atrial flutter before age 60 years registered in the NPR or the Causes of Death Register (Table 1) , assuming AF and atrial flutter as the same entity. Next, these AF cases were classified as having lone AF if there were no preceding or concurrent International Classification of Diseases (ICD) codes for cardiovascular diseases (mitral valve/aortic valve disease, ischemic heart disease, congestive heart failure, cerebral-vascular stroke, congenital heart malformation, and cardiomyopathy), or specific systemic diseases (hyperthyroidism, hypertension, and diabetes). The algorithm was validated with a clinical register of lone AF cases aged Ͻ40 years and diagnosed consecutively at 8 hospitals in the Copenhagen area from November 2007 through December 2008 (6) with our AF cases at same age and period.
Using the DFRD, relatives were identified for each cohort member and those relatives with lone AF. Family history of lone AF was considered as a time-dependent variable, with a positive family history being assigned 1 day after the first-time lone AF was registered in a relative; this action was to ensure that lone AF in the relative was diagnosed before any lone AF diagnosis in the cohort member (affected pairs in the cohort contributed to the analysis only once). If there was no AF in a cohort member's family, all of his or her follow-up time was classified as unexposed.
Cohort members were followed up from January 1, 1977, or birth, whichever came later, until the first of the following events: 1) first admission for lone AF; 2) first admission for the specific cardiovascular diseases or systemic diseases (Table 1) ; 3) 60th birthday; 4) death; 5) emigration; 6) designated "missing person" in the CRS; or 7) December 31, 2008 (end of follow-up).
Using log-linear Poisson regression, incidence rate ratios (IRRs) were estimated comparing the rate of lone AF in individuals with a family history of lone AF and the rate in individuals with no family history of lone AF; the IRRs can be interpreted as a measure of familial aggregation. All estimates were adjusted for attained age, cohort member sex, calendar period, and other types of relatives with lone AF (for relative-specific estimates). IRRs compared cohort members with identifiable relatives of the same type. Separate IRRs were estimated for men and women and for different age groups by inclusion of an interaction term. IRRs for different types of family history were compared by using likelihood ratio tests. The analyses were conducted using PROC GENMOD in SAS version 9.1 (SAS Institute, Inc., Cary, North Carolina).
Results
Our cohort included 3,985,446 persons born in 1950 or later and followed up for 91,903,390 person-years from 1977 to 2008. Of these, 14,684 individuals were registered with an AF diagnosis before 60 years of age, and among these, 9,507 individuals had lone AF (64.7 %). Table 2 shows basic characteristics of cohort members with lone AF.
Among the 9,507 cohort members with lone AF, there were 4 twins with an affected co-twin, 269 persons who had a first-degree relative with lone AF, and 19 persons with AF in a second-degree relative. 
Overall, the rate of lone AF in cohort members with a history of lone AF in first-degree relatives was 3.5 times greater than the lone AF rate in cohort members without lone AF in first-degree relatives (Table 3) . IRRs for lone AF were similar when comparing types of affected first-degree relatives: parents versus siblings (p ϭ 0.65) and mothers versus fathers (p ϭ 0.66). IRRs for lone AF were slightly higher by affected brother than by affected sister (3.89 vs. 2.09), but the confidence intervals (CIs) overlapped (p ϭ 0.13) ( Table 3) .
The familial aggregation of lone AF among seconddegree relatives in general (IRR 1.64) was weaker than that observed among first-degree relatives (p ϭ 0.001). However, a history of lone AF in half-siblings yielded an IRR of 3.59. The IRRs for lone AF in paternal and maternal half-siblings were not significantly different (p ϭ 0.68) ( Table 3) .
Among first-degree relatives, the IRRs stratified according to time since relative's diagnosis and calendar year were generally similar across strata (Table 4) 
Discussion
The risk of lone AF was 3.5 times higher for a family history of lone AF in parents or in siblings compared with the risk in individuals without such family history. Previous family studies of lone AF (4,5) have been smaller case-control studies with self-reported family histories and small numbers of nonrepresentative controls (5) or cross-sectional studies comparing lone AF prevalence in relatives of hospitalized lone AF cases (4) with lone AF prevalence rates in populations from other studies (4). These various designs have introduced potential bias due to overascertainment of families with multiple lone AF cases or the use of a mixture of incident and prevalent cases. Investigating the risk of lone AF according to family history of lone AF requires a large population-based cohort with disease incidence data and pedigree information, as in our cohort study.
First-and second-degree relatives. Risks associated with lone AF in first-degree relatives were significantly higher than those associated with lone AF in second-degree relatives. Assuming that gene mutations or common gene variants inherited in traditional Mendelian fashion play a role in the etiology of some proportion of lone AF, these findings are consistent with the proportion of shared genes among different relative types. Further support for a strong genetic contribution to the etiology of lone AF was the finding that the lone AF risk was increased Ͼ6 times given a family history of at least 2 affected relatives.
The increased familial aggregation of lone AF may reflect some lone AF families in which single gene mutations associated with lone AF have been passed down in an autosomal dominant pattern but with reduced penetrance and variable phenotype expressivity, as has been demonstrated for other cardiac arrhythmias (7, 8) . Alternatively, familial aggregation of lone AF could be explained by some aspect of shared family environment that may trigger lone AF in several family members; suggestive factors include excessive alcohol intake (9) and vigorous sports activity (10) . Interestingly, we found comparable risks of lone AF in full and half-siblings, possibly reflecting that shared environment might interact with a genetic predisposition to lone AF. Sex. AF is known to be much more prevalent in men than in women (11) , and our study population was no exception. We also found a slightly increased male/female ratio (1.37) for lone AF given a lone AF first-degree family history, lending further support for a male susceptibility to the development of lone AF. Interestingly, these associations were not related to the sex of the affected relative (mothers vs. fathers, brothers vs. sisters, or maternal vs. paternal half-siblings). 
